Summary.
In As is generally known, immunocompetent lymphocytes consist of at least two major lines, thymus-derived (T) and bone marrow-derived (B) (ELVES, 1972; GREAVES et al., 1973) . T-lymphocytes differentiate from marrow-derived precursors within the thymus.
The site of differentiation of B-lymphocytes remains uncertain in mammals (ELVES, 1972; GREAVES et al., 1973) , although certain gut-associated lymphatic tissues such as Peyer's patches have been proposed to serve as the bursa-equivalent (COOPER et al., 1966; FICHTELIUS, 1966; CRAIG and CEBRA, 1975) .
As previously reported, differentiation of T-lymphocytes has been observed by qualitative and quantitative electron microscopy (ABE and ITO, 1970; ABE et al., 1973) . Can the differentiation of B-lymphocytes be clarified in a way similar to T-lymphocytes?
In congenitally athymic nude mice and neonatally thymectomized mice, lymphocytes are thought to be mostly B-lymphocytes (WIOLAND et al., 1972 ; SPRENT, *This study was supported by grants from the Ministry of Education, 1978 (No. 310613, 348078, 367001) .
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1973). In this study, small lymphocytes in the bone marrow and various lymphatic tissues of the congenitally and experimentally athymic mice were examined qualitatively and quantitatively by electron microscopy to know whether or not B-lymphocytes undergo ultrastructural and cytometric modification during differentiation.
MATERIALS AND METHODS
In this study, eight neonatally thymectomized dd-mice of both sexes and four male nude mice were used.
The dd-mice which had been thymectomized within 16hrs
after birth, were sacrificed at 20 days of age. Nude mice which were supplied from Japan CLEA in Tokyo, were killed at 40 days of age. At autopsy, the bone marrow of the femur, Peyer's patches, mesenterial and submandibular lymph nodes and the spleen were rapidly removed and fixed with 5% formol in 0.05M phosphate buffer then postfixed with osmium tetroxide in the same buffer for 1.5 to 2hrs and embedded in Epon 812. Ultrathin sections were cut with glass knives on an LKB ultramicrotome, stained doubly with uranium acetate and lead nitrate and examined with an electron microscope (Hitachi HS-9). Semi-thin sections were also cut and stained with toluidine blue for light microscopy. For quantitative analysis, the cellular and nuclear sizes of lymphocytes and the volumetric proportions of formed cytoplasmic and nuclear constituents in lymphocytes were estimated by a differential point-counting method as described in detail in our previous papers (ABE and ITO, 1972; ITO and ABE, 1976) . The three-dimensional size distribution curves of the nuclei and cells of lymphocytes were stereologically obtained from the frequency distribution curves of the nuclear and cellular sectional areas measured.
The measurements of the areas were performed on electron microPeyer's patches and 1,292 in lymph node and spleen from four neonatally thymectomized mice, and 104 in the marrow, 229 lymphocytes in Peyer's patches and 660 in lymph nodes from two nude mice. The principle and procedures for the stereological analysis were described in detail in a previous paper (ITO and ABE, 1976) . In Peyer's patches, lymph nodes and splenic lymphatic tissue, measurements were performed for small lymphocytes in the follicular areas in which lymphocytes are thought to be mainly B-lymphocytes (PARROTT and DE SOUSA, 1971; GUTMAN and WEISSMAN, 1972; HOWARD et al., 1972) . The values obtained were statistically evaluated by Student's t test.
RESULTS

Qualitative findings
In the bone marrow of nude mice and neonatally thymectomized mice, lymphocytes were scattered among myeloid hemopoietic cells as in the case of normal mice (ABE et al., 1973; SASAKI and ITO, 1978) . Most of the marrow lymphocytes were dark small lymphocytes, which were round in nuclear and cellular shapes and had scanty cytoplasm ( Fig. 1 ). In the marrow, light small lymphocytes, though few in number, were also seen. They were somewhat irregular in nuclear and cellular outline, and had relatively abundant light cytoplasm ( Fig. 1) . Out of the total small lymphoPeyer's patches, lymph nodes and splenic lymphatic tissue were generally poorly developed in both nude and neonatally thymectomized mice. The thymus-dependent area was depleted of lymphocytes but the follicular area, which is considered to be populated mainly with B-lymphocytes (PARROTT and DE SOUSA, 1971; GUTMAN and WEISSMAN, 1972; HOWARD et al., 1972) , was densely packed with small lymphocytes.
The small lymphocytes were generally of the light type, although their cytoplasm sometimes appeared slightly dark (Fig. 2, 3 ). They were generally smooth in contour, although lymphocytes with numerous small cytoplasmic projections were sometimes seen in groups (Fig. 3) . Nuclear bodies in the nucleus and tubular complexes in the cytoplasm (ABE and ITO, 1974) were seen more frequently in lymphocytes of the lymphatic tissues than in dark small lymphocytes in the marrow (Fig. 2, 3) . The intercellular space of the follicular area sometimes contained many dense globules (Fig. 2 ) such as previously described in the germinal center (ABE and ITO, 1972) .
Quantitative findings
Nuclear and cellular sizes of small lymphocytes: Figure  4 and 5 show the nuclear and cellular size distribution curves of small lymphocytes in the marrow and peripheral lymphatic tissues including Peyer's patches from thymectomized mice and nude mice.
For each of the tissues concerned, the nuclear and cellular size distribution curves are almost similar in profile between thymectomized mice and nude mice. (Fig. 4, 5 ).
Nucleus-cell ratio: As seen in Table 1 and Figure 6 , the nucleus-cell ratio of small lymphocytes in each tissue is almost the same in nude mice as in thymectomized mice. The ratio of light small lymphocytes in the marrow is similar in value to that of small lymphocytes in Peyer's patches and peripheral lymphatic tissues, being about 60%. The ratio of dark small lymphocytes in the marrow is 70% or more and is significantly greater than that of light small lymphocytes in the marrow and small lymphocytes in the other lymphatic tissues (Table 1, Fig. 6 ). Abbreviations are the same as in Figure 4 . Note that for each of the tissues concerned the nuclear and cellular size distribution curves are almost similar in profile between thymectomized mice (Fig. 4) and nude mice.
Volumetric proportions of formed constituents in lymphocytes:
The volume percentages of nucleoli and nuclear bodies in the nucleus and those of mitochondria, Golgi apparatus, tubular complexes and dense bodies in the cell were obtained from small lymphocytes in both nude and thymectomized mice. As seen in Table 1 , the volume ratios of nucleoli, mitochondria, Golgi apparatus and dense bodies exhibit no significant difference between lymphocytes in the marrow and lymphocytes in Peyer's The ratios of dark small lymphocytes in the bone marrow are significantly larger than those of small lymphocytes in the other lymphatic tissues. Fig. 7 . Nuclear body-nucleus ratio (left) and tubular complex-cell ratio (right) in small lymphocytes from both nude and thymectomized mice. Abbreviations are the same as in Figure 4 . Both ratios are significantly smaller in dark small lymphocytes in the bone marrow than those in small lymphocytes in the other lymphatic tissues.
patches and peripheral lymphatic tissues. On the other hand, the volume ratios of nuclear bodies and tubular complexes in dark small lymphocytes in the marrow are significantly different from the ratios in the other lymphocytes (Fig. 7) . The volume ratios of nuclear bodies and tubular complexes in light small lymphocytes of the marrow and small lymphocytes of Peyer's patches and peripheral lymphatic tissues are 5 to 10 times greater than the ratios in dark small lymphocytes of the marrow. Thus it may be said that nuclear bodies and tubular complexes are less developed in dark small lymphocytes of the marrow as compared with the other small lymphocytes.
DISCUSSION
In mice, as reported previously, lymphocytes in the bone marrow are mostly small lymphocytes, which are classified into dark and light types (ABE et al., 1973; SASAKI and ITO, 1978) . In younger mice before puberty, dark small lymphocytes constitute an overwhelming population of lymphocytes in the marrow (SASAKI and ITO, 1978) . Dark small lymphocytes in the marrow ultrastructurally resemble small lymphocytes in the thymic cortex (ABE et al., 1973) . Small lymphocytes in the marrow and thymic cortex have been thought to be similar in susceptibility to steroid hormones, life span and electrophoretic mobility, and they have been considered as immunologically incompetent (WARNER, 1964; CRADDOCK, 1965; MORRISON and TOEPFER, 1967; BLOMGREN and ANDERSSON, 1969; SMALL and TRAININ, 1971; WIOLAND et al., 1972; ROSSE, 1976) . On the other hand, immunocompetent T-lymphocytes have been thought to differ from marrow and thymic cortical small lymphocytes in the above characteristics (WARNER, 1964; BLOMGREN and ANDERSSON, 1969; ROSSE, 1976) . Small lymphocytes in the thymic medulla and the thymus-dependent area of peripheral lymphatic tissues are light lymphocytes, which are regarded as representing Tlymphocytes (ABE and ITO, 1970; ABE et al., 1973) . In congenitally and experimentally athymic mice, as in the case of normal mice, the marrow contains dark and light lymphocytes.
The marrow light small lymphocytes are similar in cytological details to small lymphocytes, i.e., B-lymphocytes in peripheral lymphatic tissues, because in these mice, the peripheral lymphatic tissues are considered to be distributed mainly with B-lymphocytes which have originated from the marrow.
In the bone marrow, light small lymphocytes appear to be cytologically differentiated, while dark small lymphocytes are immature, probably being precursors of T-and Blymphocytes.
Marrow dark lymphocytes seem to differentiate into light ones as they mature.
In the marrow of normal mice, light small lymphocytes constitute only a small proportion of the lymphocyte population before puberty has been reached at about 35 days of age, and then they increase in proportion until they occupy almost half of the total marrow lymphocytes at 60 days of age (SASAKI and ITO, 1978) . In nude mice at 40 days, light lymphocytes are higher in frequency than those in neonatally thymectomized 20-day-old mice. Thus, in athymic mice also light lymphocytes appear to increase in proportion after puberty.
In mammals, the existence of the central lymphatic tissue for B-lymphocyte differentiation such as the avian bursa is yet uncertain, but some gut-associated lymphatic tissues such as Peyer's patches have been proposed as bursa-equivalent (COOPER et al., 1966; FICHTELIUS, 1966; CRAIG and CEBRA, 1975) . As reported in previous papers ITO, 1977, 1978a, b) , however, Peyer's patches are considered as peripheral lymphatic tissues rather than as bursa-equivalent.
As shown in the results, lymphocytes in Peyer's patches are light lymphocytes which appear to be cytologically differentiated.
In lymphocytes the cell organelles appear to develop with cell differentiation (ABE et al., 1973) . In B-lymphocytes, as seen in the results, nuclear bodies and tubular complexes appear to develop with differentiation, although their functional significance remains unknown.
Similar organelles have also been observed in Tlymphocytes (ABE et al., 1973; ABE and ITO, 1974) .
From the previous and present results, morphological differentiation of lymphocytes can be schematically summarized in Figure 8 . As presented in this figure, the density of cytoplasm, the nuclear and cellular sizes and the nucleus-cell ratio exhibit significant differences between undifferentiated and differentiated lymphocytes.
The nucleus-cell ratio is 70% or more in dark small lymphocytes in the marrow and thymic cortex, 60% in light lymphocytes (B-lymphocytes) in the peripheral lymphatic tissues of athymic mice, and 50% in light lymphocytes (T-lymphocytes) in the thymic medulla and the thymus-dependent area of peripheral lymphatic tissues. The nuclear size of dark small lymphocytes in the marrow and thymic cortex is the same as that of light small lymphocytes in the thymic medulla, and the nuclear size of lymphocytes in peripheral lymphatic tissues is smaller than that of summarized from the present and previous results ITO, 1970, 1972; ABE et al., 1973) . BM bone marrow lymphocyte, TC thymic cortical lymphocyte, TM thymic medullary lymphocyte, T-cell thymusderived (T) lymphocyte in peripheral lymphatic tissues, B-cell bone marrow-derived (B) lymphocyte in peripheral lymphatic tissues, N/C nucleus-cell ratio, N, C an average of nuclear or cellular diameter. Tlymphocyte differentiates from bone marrow-derived precursor within the thymus, the central lymphatic tissue for T-lymphocyte differentiation. The central lymphatic tissue for B-lymphocyte differentiation is yet unknown. Lymphocytes in the bone marrow and thymic cortex are of the dark type, while lymphocytes in the thymic medulla and peripheral lymphatic tissues are of the light type. other lymphocytes mentioned above. From these results it is likely that both in Tand B-lymphocytes the cellular size changes with cell differentiation.
In peripheral lymphatic tissues, T-lymphocytes are larger in cell size than B-lymphocytes.
The fact seems to explain the finding that T-and B-lymphocytes can be separated by velocity sedimentation (OSOBA, 1970) . Regarding differentiation of lymphocytes the results thus obtained are in agreement with those revealed by surface markers (DAVIS, 1975) . REFERENCES Abe, K. and T. Ito: Fine structure of small lymphocytes in the thymus of the mouse: qualitative and quantitative analysis by electron microscopy. Z. Zellforsch. 110: 321-335 (1970) .
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